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GUIDE WIRE

[0001] This application claims priority under 35 U.S.C. §
119(e) to U.S. Provisional Application No. 60/877,407 filed
on Dec. 28, 2006, the entire content of which is incorporated
herein by reference. This application is also based on and
claims priority to Japanese Application No. 2006-350692
filed on Dec. 26, 2006, the entire content of which is incor-
porated herein.

TECHNOLOGICAL FIELD

[0002] The present invention generally relates to a guide
wire. More specifically, the invention pertains to a guide wire
used in guiding a catheter into a body lumen such as a blood
vessel and a bile duct.

BACKGROUND DISCUSSION

[0003] Guide wires are used to guide a catheter in treating
sites at which open surgery is difficult or which require mini-
mal invasiveness to the body, for example, PTCA (Percuta-
neous Transluminal Coronary Angioplasty), or in examina-
tion such as angiocardiography. A guide wire used in the
PTCA procedure is inserted, with the distal end projecting
from the distal end of a balloon catheter, into the vicinity of'a
target angiostenosis portion together with the balloon cath-
eter, and is operated to guide the distal portion of the balloon
catheter to the target angiostenosis portion.

[0004] In PTA (Percutaneous Transluminal Angioplasty)
also, for opening a stenosis portion (occluded portion) in a
peripheral blood vessel such as femoral, iliac, renal and shunt
blood vessels, a distal portion of a balloon catheter is guided
to the vicinity of an angiostenosis portion by use of a guide
wire, like in the PTCA procedure.

[0005] Since the blood vessels to which such a treating
method is applied are bent in a complicated manner, a guide
wire used to insert a balloon catheter into the blood vessel is
required to have, for example, appropriate flexibility and
resilience against bending, pushability and torque transmis-
sion performance (generically called “steerability”) for trans-
mitting an operational force from the proximal portion to the
distal side, and further, kink resistance (resistance against
sharp bending) and the like.

[0006] Guide wires intended to provide steerability and
flexibility at the distal portion of the guide wire include guide
wires formed from different materials, particularly guide
wires having a first wire composed of an Ni—Ti alloy and a
second wire composed of stainless steel.

[0007] In the above guide wire, the first wire composed of
an Ni—Ti alloy and the second wire composed of stainless
steel are joined by butt resistance welding, whereby the first
and second wires can be joined comparatively firmly, as con-
trasted to other welding methods where a brittle Fe—Tibased
intermetallic compound would be produced with the result of
insufficient joint strength.

[0008] In addition, the weld portion is provided with a
projected portion projected in the outer circumferential direc-
tion (radially outward direction) so that the joint strength is
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enhanced by the projected portion and the stress generated
when the guide wire is bent is dispersed.

SUMMARY

[0009] According to one aspect, a guide wire includes a first
wire disposed on the distal side and composed of a first
material, and a second wire disposed on the proximal side of
the first wire and composed of a second material. The first and
second wires are connected to each other through an interme-
diate member to constitute a wire body. The intermediate
member has a core portion, and an outer layer covering the
outer periphery of the core portion. The core portion is wholly
or partly composed of a material different from the material of
the outer layer, and at least one of the core portion and the
outer layer is composed of the first material or the second
material. A proximal portion of the first wire and a distal
portion of the intermediate member are joined to each other,
and a distal portion of the second wire and a proximal portion
of the intermediate member are joined to each other.

[0010] The first material preferably is a Ni—Ti alloy. The
second material can be a stainless steel. A proximal portion of
the first wire preferably is lower than the intermediate mem-
ber in rigidity. A distal portion of the second wire can be
higher than the intermediate member in rigidity. The outside
diameter of the wire body can be substantially constant along
the longitudinal direction of the wire body at least at a portion
of'the wire body, ranging from a proximal portion of the first
wire to a distal portion of the second wire. The core portion is
preferably composed of one of the first and second materials,
and the outer layer is preferably composed of the other of the
first material and the second material. The core portion is
preferably composed of one of a Ni alloy and the second
material, while the outer layer is preferably composed of the
other of a Ni alloy and the second material.

[0011] The core portion can be composed of a distal-side
member disposed on the distal side, and a proximal-side
member disposed on the proximal side of the distal-side
member and composed of a material different from the mate-
rial of the distal-side member. The distal-side member pref-
erably is composed of the first material, and the proximal-side
member is composed of the second material. The outer layer
is preferably composed of the first material or the second
material. The outer layer preferably is composed of a Ni alloy
ora Co alloy. A proximal end face of the first wire and a distal
end face of the intermediate member preferably are joined to
each other, and a distal end face of the second wire and a
proximal end face of the intermediate member are joined to
each other.

[0012] In one version, the outer layer has an extension
portion extending distally beyond the distal end of the core
portion, with the extension portion covering the outer periph-
ery of the proximal portion of the first wire.

[0013] The core portion can be composed of the second
material. The outer layer can be composed of the first mate-
rial. The outer layer preferably is composed of a Ni alloy. The
outer peripheral surface of the proximal portion of the first
wire and the inner peripheral surface of the outer layer of the
intermediate member are preferably joined to each other, and
adistal end face of the second wire and a proximal end face of
the intermediate member are joined to each other.

[0014] Alternatively, the outer layer can include an exten-
sion portion extending proximally beyond the proximal end
of'the core portion. The extension portion may cover the outer
periphery of a distal portion of the second wire.
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[0015] The proximal end face of the first wire and the distal
end face of the intermediate member are preferably joined to
each other, and the outer peripheral surface of the distal
portion of the second wire and the inner peripheral surface of
the outer layer of the intermediate member are joined to each
other. The core portion and the outer layer of the intermediate
member can be crimped to each other. The intermediate mem-
ber preferably is substantially cylindrical or substantially
frustoconical in shape. The proximal portion of the first wire
and the distal portion of the intermediate member may be
joined to each other by welding, soldering or brazing, and the
distal portion of the second wire and the proximal portion of
the intermediate member are joined to each other by welding,
soldering or brazing.

[0016] According to another aspect, a guide wire comprises
a first wire made of a first material, a second wire made of a
second material different from the first material, wherein the
first wire is positioned at a distal portion of the guide wire, and
wherein the second wire is positioned proximally of the first
wire. An intermediate member is positioned between the first
wire and the second wire, and the intermediate member com-
prises a core portion and an outer layer, with the outer layer
covering the outer periphery of the core portion. The core
portion is at least in part made of a material different from
material of which the outer layer is made, and at least one of
the core portion and the outer layer is made of the first mate-
rial or the second material. The core portion possesses a distal
end and a proximal end, and the first wire possesses a proxi-
mal portion joined to the distal portion of the intermediate
member. A portion of the first wire located distally of the
proximal portion of the first wire possesses an outer diameter
that decreases in the distal direction, and the second wire
possesses a distal portion joined to the proximal portion of the
intermediate member. The outer diameter of the intermediate
member and the outer diameter of the first wire are the same
in a first transition region at which the outer layer of the
intermediate member transitions to the first wire, and the
outer diameter of the intermediate member and the outer
diameter of the second wire are the same in a second transi-
tion region at which the outer layer of the intermediate mem-
ber transitions to the second wire.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0017] The foregoing and additional features and aspects of
the guide wire will become more apparent from the following
detailed description considered with reference to the accom-
panying drawing figures briefly described below.

[0018] FIG. 1 is a longitudinal cross-sectional view of a
first embodiment of the guide wire disclosed here.

[0019] FIG. 2 is a longitudinal cross-sectional view of a
second embodiment of the guide wire.

[0020] FIG. 3 is a longitudinal cross-sectional view of a
third embodiment of the guide wire.

[0021] FIG. 4 is a longitudinal cross-sectional view of a
fourth embodiment of the guide wire.

[0022] FIG. 5 is a longitudinal cross-sectional view of an
intermediate member used in a further embodiment of the
guide wire.

DETAILED DESCRIPTION

[0023] FIG. 1 illustrates, in longitudinal cross-sectional
view, one embodiment of the guide wire disclosed herein. The
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right side in FIG. 1 is referred to as the “proximal” end, and
the left side in FIG. 1 is referred to as the “distal” end. In
addition, in FIG. 1, for ease in understanding, the guide wire
is schematically shown in the state of being shortened in the
longitudinal direction and exaggerated in the radial (diametri-
cal) direction relative to the actual dimensions of the guide
wire. Thus, the ratio between the dimensions in the longitu-
dinal direction and in the radial direction is different from the
actual or practical ratio.

[0024] The guide wire 1 shown in FIG. 1 is a catheter guide
wire having useful application for being inserted in the lumen
of a catheter (inclusive of endoscope). The guide wire 1
includes a wire body 10 in which a first wire 2 disposed on the
distal side and a second wire 3 disposed on the proximal side
of the first wire 2 are connected to each other through an
intermediate member 5. The guide wire 1 also includes a
spiral coil 4. The overall length of the guide wire 1 is prefer-
ably about 200 to 5000 mm. In addition, the outer diameter of
the guide wire 1 is preferably about 0.2 to 1.2 mm.

[0025] The first wire 2 is composed of a flexible or elastic
filamentous member. The length of the first wire 2 is not
particularly limited, and is preferably about 20 to 1000 mm.
[0026] In this embodiment, the first wire 2 has a portion
having a constant outer diameter, and a tapered portion
(gradually reduced outer diameter portion) in which the outer
diameter is gradually reduced along the distal direction. The
latter portion may be provided at one location or at two or
more locations. In the embodiment shown in FIG. 1, two
gradually reduced outer diameter portions 15, 16 are pro-
vided.

[0027] By virtue of the gradually reduced outer diameter
portions 15, 16, the rigidity (flexural rigidity, torsional rigid-
ity) of the first wire 2 is gradually reduced in the distal direc-
tion. As a result, the guide wire 1 exhibits good flexibility at its
distal portion, whereby trackability in relation to a blood
vessel or the like and safety are enhanced, and sharp bending
(kinking) and the like can be prevented.

[0028] The taper angle (outer diameter reduction rate) of
each of the gradually reduced outer diameter portions 15, 16
may be constant along the longitudinal direction of the wire
body 10 (hereinafter referred to simply as “the longitudinal
direction”) or may vary along the longitudinal direction in
some location. For example, the gradually reduced outer
diameter portion may be so formed that portions with a com-
paratively larger taper angle (outer diameter reduction rate)
and portions with a comparatively smaller taper angle are
alternately repeated a plurality of times.

[0029] The proximal-side portion (the portion on the proxi-
mal side relative to the gradually reduced outer diameter
portion 16) of the first wire 2 is constant in outer diameter to
the proximal end of the first wire 2.

[0030] In the embodiment shown in FIG. 1, the distal-side
portion (the portion on the distal side of the gradually reduced
outer diameter portion 15) of the first wire 2 is constant in
outer diameter to the distal-most end of the first wire 2.
[0031] The material from which is fabricated the first wire
2 (the blank material of the first wire 2 or the first material) is
not particularly limited, and various metallic materials such
as Ni—Ti alloys and stainless steels can be used. Preferred
materials are alloys exhibiting pseudoelasticity (inclusive of
superelastic alloys). More preferably, superelastic alloys are
used. A superelastic alloy is comparatively flexible, has resil-
ience and is less liable to acquire a tendency toward a certain
bending. Therefore, with the first wire 2 composed of a super-
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elastic alloy, the guide wire 1 can have sufficient flexibility
and resilience against bending at its distal-side portion, so that
trackability in relation to complicatedly curved or bent blood
vessels is enhanced, and more excellent steerability can be
obtained. In addition, the resilience of the first wire 2 prevents
the first wire 2 from acquiring a tendency toward a certain
bending (i.e., a set) even when the first wire 2 is repeatedly
curved or bent, so that it is possible to prevent the steerability
from being lowered due to a tendency toward a certain bend-
ing which might otherwise be acquired by the first wire 2
during use of the guide wire 1.

[0032] Possible elastic (superelastic) metals which can be
utilized include those elastic metals whose stress-distortion
curve by tension has a variety of shapes, and also those elastic
metals whose transformation temperature can or cannot be
measured such as As (austenite start temperature), Af (auste-
nite finish temperature), Ms (martensite start temperature),
and Mf (martensite finish temperature). Further, all of those
superelastic metals which are deformed (distorted) by a rela-
tively great amount by stress and return to their original shape
in response to removal of the stress are included. Thus, super-
elastic alloys includes those which exhibit different tensile
stress vs. strain curves (i.e., the superelastic alloys which can
be used here are not limited to superelastic alloys having a
particular tensile stress vs. strain curve), those which have
transformation points such as As, Af, Ms, Mf, whether they
are clearly measurable or not, and those which are largely
deformed (strained) under stresses and return to their original
shape upon removal of the stresses.

[0033] Asapreferred composition of the superelastic alloy,
Ni—Ti-based alloys such as a Ni—Ti alloy containing Ni by
49 to 52 atom %, a Cu—Z7n alloy containing Zn by 38.5 to
41.5 weight %, Cu—Zn—X alloys (X is at least one of Be, Si,
Sn, Al, and Ga) containing X by 1 to 10 weight %, a Ni—Al
alloy containing Al by 36 to 38 atom %, and so forth may be
used. Among these, the Ni—Ti-based alloys described above
are particularly preferable. It is to be noted that the superelas-
tic alloy represented by Ni—Ti-based alloys is excellent also
in adhesive property of a coating layer 5 hereinafter
described.

[0034] The second wire 3 is disposed on the proximal side
of the intermediate member 5 which will be described later.
The second wire 3 is composed of a flexible or elastic fila-
mentous member. The length of the second wire 3 is not
particularly limited, and is preferably about 20 to 4800 mm.
[0035] Inthe version of the guide wire shown in FIG. 1, the
outer diameter of the second wire 3 is constant (inclusive of
substantially constant) along its entire longitudinal extent,
and is equal (inclusive of approximately equal) to the outer
diameter of the proximal end of the first wire 2.

[0036] The second wire 3 is composed of a material differ-
ent from the material of the first wire 2. Particularly, the
second wire 3 is preferably composed of a material higher in
elasticity (Young’s modulus (modulus of longitudinal elas-
ticity), modulus of rigidity (modulus of transverse elasticity),
bulk modulus) than the material constituting the first wire 2.
This helps ensure that the second wire 3 possesses appropri-
ate rigidity (flexural rigidity, torsional rigidity), that the guide
wire 1 is relatively high in the so-called flexural strength, that
the pushability and torque transmission performance of the
guide wire 1 are enhanced, and that better insertion steerabil-
ity of the guide wire can be obtained.

[0037] The material forming the second wire 3 (the blank
material of the second wire 3), or the second material, is not
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particularly limited insofar as it is different from the material
constituting the first wire 2, and various metallic materials
such as stainless steels (for example, all SUS steels such as
SUS304, SUS303, SUS316, SUS316L, SUS316J1,
SUS316J1L, SUS403, SUS430, SUS434, SUS444, SUS429,
SUS430F, and SUS302), piano wire, cobalt alloys, and pseu-
doelastic alloys. Among these metallic materials, preferred
are stainless steels and cobalt alloys, and more preferred are
stainless steels. When the second wire 3 is composed of a
stainless steel or a cobalt alloy, the guide wire 1 can have more
excellent pushability and torque transmission performance.

[0038] The intermediate member 5 is disposed between the
first wire 2 and the second wire 3. The end portions of the first
wire 2 and the intermediate member 5 are joined to each other,
and the end portions of the second wire 3 and the intermediate
member 5 are joined to each other. Specifically, end faces of
the first wire 2 and the intermediate member 5 are connected
to each other, and the end faces of the second wire 3 and the
intermediate member 5 are connected to each other.

[0039] The proximal portion 21 of the first wire 2 and the
distal portion of the intermediate member 5 are joined to each
other, and the distal portion 31 of the second wire 3 and the
proximal portion of the intermediate member 5 are joined to
each other.

[0040] More specifically, the proximal end face of the
proximal portion 21 of the first wire 2 and the distal end face
of' the distal portion of the intermediate member 5 are joined
to one another, and the distal end face of the distal portion 31
of the second wire 3 and the proximal face of the proximal
portion of the intermediate member 5 are joined to one
another.

[0041] The intermediate member 5 is composed of a flex-
ible or elastic filamentous material, preferably as a filamen-
tous member. In the illustrated embodiment shown in FIG. 1,
the intermediate member 5 is substantially cylindrical in
shape, and its outer diameter is equal (inclusive of approxi-
mately equal) to the outer diameter of the proximal end of the
first wire 2 and the outer diameter of the distal end of the
second wire 3. Specifically, the outer diameter of the wire
body 10 is constant (inclusive of substantially constant) along
the longitudinal direction at a portion, ranging from the proxi-
mal portion 21 of the first wire 2 to the proximal portion of the
second wire 3 (ranging at least from the proximal portion 21
of'the first wire 2 to the distal portion 31 of the second wire 3),
of the wire body 10. In other words, the outer peripheral
surface of the wire body 10 constitutes a continuous surface
substantially free of steps. This helps ensure that the guide
wire 1 is not likely to be caught in the body during use, and so
the guide wire 1 is relatively easy to operate (steer), and safety
is enhanced.

[0042] The intermediate member 5 is composed of a core
portion 51 and an outer layer 52 covering the outer periphery
of'the core portion 51. In the illustrated version shown in FIG.
1, the core portion 51 is substantially cylindrical (columnar)
in shape, and the outer layer 52 has a tubular shape with a
substantially circular cross-sectional shape. In the illustrated
embodiment, the outer diameter of the core portion 51 is
constant throughout its length.

[0043] The core portion 51 and the outer layer 52 are fixed
to each other, for example by crimping. The method for fixing
the core portion 51 and the outer layer 52 to each other is not
limited to crimping, and other methods may also be used.
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However, crimping is preferable from the viewpoint of mak-
ing it possible to fix them to each other relatively easily and
firmly.

[0044] The core portion 51 (the entirety of the core portion
51) is composed of a material different from the material of
the outer layer 52, and at least one of the core portion 51 and
the outer layer 52 is composed of the first material (the same
material as the material of the first wire 2) or the second
material (the same material as the material of the second wire
3.

[0045] In this embodiment, the following four configura-
tions (1) to (4) are preferable.

[Configuration 1]

[0046] The core portion 51 is composed of the second
material, and the outer layer 52 is composed of the first
material.

[0047] This construction in which the material constituting
the first wire 2 and the material constituting the outer layer 52
are the same helps ensure that the proximal end face of the
first wire 2 and the distal end face of the outer layer 52 are
joined particularly firmly. In addition, with the material con-
stituting the second wire 3 and the material constituting the
core portion 51 being the same, the distal end face of the
second wire 3 and the proximal end face of the core portion 51
are also joined particularly firmly. As a result, the first wire 2
and the second wire 3 are firmly connected to each other
through the intermediate member 5.

[Configuration 2]

[0048] The core portion 51 is composed of the first mate-
rial, and the outer layer 52 is composed of the second mate-
rial.

[0049] With this construction in which the material consti-
tuting the first wire 2 and the material constituting the core
portion 51 are the same, the proximal end face of the first wire
2 and the distal end face of the core portion 51 are joined
particularly firmly. In addition, with the material constituting
the second wire 3 and the material constituting the outer layer
52 being the same, the distal end face of the second wire 3 and
the proximal end face of the outer layer 52 are joined particu-
larly firmly. As a result, the first wire 2 and the second wire 3
are firmly connected to each other through the intermediate
member 5.

[Configuration 3]

[0050] The core portion 51 is composed of the second
material, and the outer layer 52 is composed of a Ni alloy. Ni
alloys which may be used in this regard include any alloy that
contains Ni as a constituent element. Examples of the Ni alloy
include Ni—Ti alloys, Ni—Cr alloys, Ni—Cu alloys,
Co—Ni alloys, and Ni—Mn alloys.

[0051] Amongthese Ni alloys, preferred Ni alloys are those
which contain Ni as a main constituent (Ni alloys composed
mainly of Ni), i.e., Ni-based alloys (those alloys in which the
content, by weight, of Ni is the highest of the contents of
elements constituting the alloy).

[0052] In this configuration, especially in the case where a
Ni—Ti alloy is used as the first constituent material, the
proximal end face of the first wire 2 and the distal end face of
the outer layer 52 are joined particularly firmly. In addition,
the material constituting the second wire 3 and the material
constituting the core portion 51 are the same, so that the distal
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end face of the second wire 3 and the proximal end face of the
core portion 51 are joined particularly firmly. As a result, the
first wire 2 and the second wire 3 are firmly connected to each
other through the intermediate member 5.

[Configuration 4]

[0053] The core portion 51 is composed of a Ni alloy, and
the outer layer 52 is composed of the second material.
[0054] This helps ensure that, especially in the case where
a Ni—Ti alloy is used as the first constituent material, the
proximal end face of the first wire 2 and the distal end face of
the core portion 51 are joined particularly firmly. In addition,
the material constituting the second wire 3 and the material
constituting the outer layer 52 are the same, and so the distal
end face of the second wire 3 and the proximal end face of the
second wire 3 are joined particularly firmly. As a result, the
first wire 2 and the second wire 3 are firmly connected to each
other through the intermediate member 5. In this configura-
tion, the Ni alloy forming the core portion 51 can be the same
Ni alloys described above (in Configuration 3).

[0055] The rigidity (flexural rigidity, torsional rigidity) of
the intermediate member 5 is between that of the proximal
portion 21 of the first wire 2 and that of the distal portion 31
of'the second wire 3. More specifically, the proximal portion
21 of'the first wire 2 is lower in rigidity than the intermediate
member 5, and the distal portion 31 of the second wire 3 is
higher in rigidity than the intermediate member 5. This helps
ensure that the wire body 10 of the guide wire 1 is gradually
lowered in rigidity (flexural rigidity, torsional rigidity) along
the distal direction from the intermediate portion in the lon-
gitudinal direction (axial direction) thereof. As a result, kink
resistance (resistance against sharp bending) is enhanced, and
the guide wire 1 possesses excellent steerability characteris-
tics.

[0056] The rigidity of the intermediate member 5 remains
constant irrespectively of the direction in which the interme-
diate member 5 is bent (irrespectively of the radially outward
direction), whereby excellent steerability is obtained.

[0057] The method for joining the proximal portion 21 of
the first wire 2 and the distal portion of the intermediate
member 5 to each other and the method for joining the distal
portion 31 of the second wire 3 and the proximal portion of
the intermediate member 5 are not particularly limited, and
various methods can be used for this purpose. However, a
preferred joining method is welding.

[0058] As aresult, a joint portion 17 between the proximal
portion 21 of the first wire 2 and the distal portion of the
intermediate member 5, and a joint portion 18 between the
distal portion 31 of the second wire 3 and the proximal portion
of the intermediate member 5 are provided with a high joint
strength by a relatively simple method. Accordingly, in the
guide wire 1, the torsional torque and pushing force from the
second wire 3 are securely transmitted to the first wire 2.
[0059] The method of welding is not particularly limited.
Examples of welding methods which can be used include
friction welding, laser welding, butt resistance welding such
as upset welding, and the like. Among these various welding
methods, a particularly preferred method is butt resistance
welding as this makes it possible to achieve a relatively high
joint strength comparatively easily.

[0060] The length (the length in the longitudinal direction)
of the intermediate member 5 is preferably about 5 to 150
mm, more preferably about 5 to 40 mm.
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[0061] The outer diameter of the core portion 51 of the
intermediate member 5 is preferably about 0.15 to 1.19 mm,
more preferably about 0.17 to 1.15 mm.

[0062] The inner diameter of the outer layer 52, being
approximately equal to the outer diameter of the core portion
51, is preferably about 0.15 to 1.19 mm, more preferably
about 0.17 to 1.15 mm. The outer diameter of the outer layer
52 is preferably about 0.2 to 1.2 mm. The thickness of the
outer layer 52 is preferably about 0.01 to 0.2 mm, more
preferably about 0.01 to 0.05 mm.

[0063] The coil 4 is disposed at the outer periphery of the
distal portion of the first wire 2. The coil 4 is a member
obtained by spirally winding a filamentous material (thin
wire), and is disposed to cover at least a distal-side portion of
the first wire 2. In the illustrated embodiment of FIG. 1, the
distal-side portion of the first wire 2 is positioned centrally
inside of the coil 4. The distal-side portion of the first wire 2
is spaced from and outer of contact with the inside surface of
the coil 4. The joint portion 17 between the proximal portion
21 of'the first wire 2 and the distal portion of the intermediate
member 5 is located on the proximal side relative to the
proximal end of the coil 4.

[0064] In this embodiment, a slight gap exists between the
adjacent turns of the spirally wound filamentous material
when no external force is exerted on the coil. However, a
configuration may be adopted in which the filamentous mate-
rial is closely wound so that no gap exists between the adja-
cent turns when no external force is exerted.

[0065] The coil 4 is preferably composed of a metallic
material. Examples of the metallic material constituting the
coil 4 include stainless steels, superelastic alloys, cobalt
alloys, noble metals such as gold, platinum, tungsten, etc. and
alloys thereof (for example, platinum-iridium alloys). Par-
ticularly in the case where the coil 4 is composed of a radio-
paque material such as noble metals, the guide wire 1 can be
suited to radiography, and can be inserted into the body while
confirming the position of the distal portion thereof under
fluoroscopic observation, which is preferable. In addition, the
coil 4 may be composed of different materials, on the distal
side and on the proximal side thereof. For example, the coil 4
may be composed of a coil of a radiopaque material on the
distal side, and a coil of comparatively radiolucent material
(stainless steel or the like) on the proximal side. The overall
length of the coil 4 is preferably about 5 to 500 mm.

[0066] The proximal portion and the distal portion of the
coil 4 are fixed to the first wire 2 by fixing materials 11, 12,
respectively. In addition, an intermediate portion (at a posi-
tion nearer to the distal end) of the coil 4 is fixed to the first
wire 2 by a fixing material 13. The fixing materials 11, 12,13
are each composed of a solder or a brazing filler metal. The
fixing materials 11, 12, 13 are not limited to a solder, and may
each be an adhesive. The method for fixing the coil 4 is not
limited to use of a fixing material as described. For example,
the fixing may be carried out by welding. In addition, to
prevent damage to the inside wall of a body lumen such as a
blood vessel, the distal surface of the fixing material 12 is
preferably rounded in shape.

[0067] Inthis embodiment, since the coil 4 is provided, the
first wire 2 covered with the coil 4 has a small area of contact
with a lumen in which it is passed, so that sliding resistance
thereof can be reduced, and the steerability of the guide wire
1 is enhanced.

[0068] While the coil 4 is formed from a filamentous mate-
rial having a circular cross-sectional shape in this embodi-
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ment, the coil is not limited in this regard. The filamentous
material may have, for example, an elliptical cross-sectional
shape, a tetragonal (especially rectangular) cross-sectional
shape or other cross-sectional shapes.

[0069] The wire body 10 is provided with a resin coating
layer(s) covering the entire outer peripheral surface or a part
of the outer peripheral surface (outside surface). In the
embodiment shown in FIG. 1, axially spaced apart resin coat-
ing layers 8, 9 are provided on the outer periphery of the first
wire 2 and the second wire 3 respectively.

[0070] The resin coating layers 8, 9 can be formed for
various purposes. An example is to reduce the friction (sliding
resistance) of the guide wire 1 and to enhance the slidability
of'the guide wire 1, thereby enhancing the steerability of the
guide wire 1.

[0071] In a variation on the embodiment shown in FIG. 1,
the resin coating layer 8 or 9 may be provided to cover the
outer periphery of the gradually reduced outer diameter por-
tion 16. This makes it possible to further moderate the varia-
tion in outer diameter (variation in taper angle, or the like) of
the wire body 10, to further enhance the pushability, torque
transmission performance and kink resistance of the guide
wire 1, and to enhance steerability for moving in the longitu-
dinal direction of the guide wire 1.

[0072] To achieve a reduction in the friction (sliding resis-
tance) of the guide wire 1, the resin coating layers 8, 9 are
preferably composed of a friction reducing material as will be
described below. This helps ensure that the frictional resis-
tance (sliding resistance) between the guide wire 1 and the
inside wall of a catheter used together with the guide wire 1 is
reduced, slidability of the guide wire 1 is enhanced, and the
steerability of the guide wire 1 in the catheter is enhanced. In
addition, since the sliding resistance of the guide wire 1 is
lowered, it is possible, when the guide wire 1 is moved and/or
rotated in a catheter, to relatively reliably inhibit or prevent
kinking (sharp bending) or torsion of the guide wire 1, par-
ticularly, kinking or torsion in the vicinity of the joint portions
17, 18.

[0073] Examples of the material for the layers 8, 9 which
can reduce friction include polyolefins such as polyethylene,
polypropylene, etc., polyvinyl chloride, polyesters (PET,
PBT, etc.), polyamides, polyimides, polyurethane, polysty-
rene, polycarbonates, silicone resins, fluororesins (PTFE,
ETFE, etc.), and composite materials thereof.

[0074] Among these materials, fluororesins (or composite
materials thereof can be favorably used, wherein the frictional
resistance (sliding resistance) between the guide wire 1 and
the inside wall of a catheter is reduced more effectively, the
slidability ofthe guide wire 1 is enhanced, and the steerability
of the guide wire 1 in the catheter is improved. In addition,
this makes it possible, when the guide wire 1 is moved and/or
rotated in a catheter, to securely prevent kinking (sharp bend-
ing) or torsion of the guide wire 1, especially kinking or
torsion in the vicinity of weld portions.

[0075] Where a fluororesin (or a composite material
thereof) is used, coating the wire body 10 with the resin can be
conducted while keeping the resin material in a heated con-
dition by a method such as baking and spraying. This pro-
motes particularly excellent adhesion between the wire body
10 and the resin coating layers 8, 9.

[0076] In addition, where the resin coating layers 8, 9 are
each composed of a silicone resin (or a composite material
thereof), the resin coating layers 8, 9 in assured and firm
adhesion to the wire body 10 can be formed, without need for
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heating at the time of forming the resin coating layers 8, 9 (at
the time of coating the wire body 10). More specifically,
where the resin coating layers 8, 9 are each composed of a
silicone resin (or a composite material thereof), a reaction-
curing type material or the like can be used, so that the
formation of the resin coating layers 8, 9 can be carried out at
room temperature. With the resin coating layers 8, 9 thus
formed at room temperature, the coating can be carried out
readily, and the guide wire 1 can be operated (steered) in the
condition where a sufficient joint strength at the joint portions
17, 18 is maintained.

[0077] The resin coating layers 8, 9 (particularly the resin
coating layer 8 on the distal side) can be also be provided for
the purpose of enhancing safety while inserting the guide
wire 1 into a blood vessel or the like. For this purpose, the
resin coating layers 8, 9 are preferably composed of'a material
relatively rich in elasticity (soft material, elastic material).

[0078] Examples of materials relatively rich in flexibility
include polyolefins such as polyethylene, polypropylene,
etc., polyvinyl chloride, polyesters (PET, PBT, etc.), polya-
mides, polyimides, polyurethane, polystyrene, silicone res-
ins, thermoplastic elastomers such as polyurethane elas-
tomer, polyester elastomers, polyamide elastomers, etc.,
various rubber materials such as latex rubbers, silicone rub-
bers, etc., and composite materials obtained by combining
two or more of these.

[0079] In the case where the resin coating layers 8, 9 are
each composed of one of the above-mentioned thermoplastic
elastomers and various rubber materials, the flexibility of the
distal portion of the guide wire 1 is further enhanced. Thus, it
is possible at the time of inserting the guide wire 1 into ablood
vessel or the like, to securely prevent the guide wire 1 from
damaging the blood vessel inside wall or the like, and to
realize an extremely high safety.

[0080] The resin coating layers 8, 9 may each be a laminate
of'two or more layers. The resin coating layer 8 and the resin
coating layer 9 may be composed of the same material or
different materials. For example, the resin coating layer 8
located on the distal side of the guide wire 1 may be composed
of'the above-mentioned material rich in flexibility (soft mate-
rial, elastic material), while the resin coating layer 9 located
on the proximal side of the guide wire 1 may be composed of
the above-mentioned material capable of reducing friction.
This makes it possible to achieve simultaneous realization of
both enhanced slidability (steerability) and enhanced safety.

[0081] The thicknesses of the resin coating layers 8, 9 are
not particularly limited, and can be appropriately set in con-
sideration of, for example, the purposes of forming the resin
coating layers 8, 9, the materials constituting the resin coating
layers 8, 9, the methods of forming the resin coating layers 8,
9. Typically, it is preferably for the resin coating layers 8,9 to
have a thickness of about 1 to 100 pm, more preferably about
1 to 30 um. If the resin coating layers 8, 9 are too thin, the
desired purpose for employing the resin coating layers 8, 9
may not be displayed sufficiently, and exfoliation of the resin
coating layers 8, 9 may occur. On the other hand, if the resin
coating layers 8, 9 are too thick, they may exert undesirable
influences on the physical properties of the wire body 10, and
exfoliation of the resin coating layers 8, 9 may be generated.
[0082] In the guide wire described here, the outer periph-
eral surface of the wire body 10 may be subjected to a treat-
ment (a roughening treatment, a chemical treatment, a heat
treatment, or the like) for enhancing adhesion of the resin
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coating layers 8, 9, or may be provided thereon with an
intermediate layer which can enhance the adhesion of the
resin coating layers 8, 9.

[0083] The outer surface of at least the distal portion of the
guide wire 1 is preferably coated with a hydrophilic material.
In this embodiment, the outer peripheral surface of the guide
wire 1 in a region ranging from the distal end of the guide wire
1 to the vicinity of the proximal end of the intermediate
member 5 is coated with a hydrophilic material. This helps
ensure that the hydrophilic material exhibits lubricity upon
being wetted, whereby friction (sliding resistance) of the
guide wire 1 is reduced, and its slidability is enhanced.
Accordingly, the steerability of the guide wire 1 is enhanced.
[0084] Examples of the hydrophilic material include cellu-
lose based polymer materials, polyethylene oxide based poly-
mer materials, maleic anhydride based polymer materials (for
example, maleic acid copolymers such as methyl vinyl ether-
maleic anhydride copolymer), acrylamide based polymer
substances (for example, polyacrylamide, polyglycidyl
methacrylate-dimethylacrylamide (PGMA-DMAA) block
copolymer), water-soluble nylon, polyvinyl alcohol, and
polyvinyl pyrrolidone.

[0085] These hydrophilic materials, in many cases, exhibit
lubricity by being wetted (absorbing water) so as to reduce the
frictional resistance (sliding resistance) between the guide
wire 1 and the inside wall of a catheter used together with the
guide wire 1. This enhances the slidability of the guide wire 1,
leading to enhanced steerability of the guide wire 1 in a
catheter.

[0086] Ashasbeen described above, according to the guide
wire 1, the first wire 2 exhibiting quite good flexibility is
provided on the distal side, while the second wire 3 exhibiting
quite good rigidity characteristics is provided on the proximal
side. This construction helps ensure that flexibility is suffi-
ciently secured on the distal side of the guide wire 1, leading
to relatively high safety, while sufficient rigidity is secured on
the proximal side of the guide wire 1, leading to excellent
pushability, torque transmission performance and traceabil-
ity.

[0087] Inaddition, the first wire 2 and the second wire 3 can
be connected to each other easily and firmly through the
intermediate member 5.

[0088] FIG. 2 illustrates, in longitudinal cross-section, a
second embodiment of the guide wire. The description of this
second embodiment of the guide wire 1 will focus primarily
ondifferences relative to the firstembodiment. Features in the
second embodiment that are the same as those in the first
embodiment are identified by the same reference numeral,
and a detailed description of such features is not repeated.
[0089] The guide wire 1 in the second embodiment is the
same as that in the first embodiment above, except for the
configurations of the intermediate member 5 and the proxi-
mal portion 21 of the first wire 2.

[0090] As shown in FIG. 2, the guide wire 1 according to
the second embodiment is configured such that the outer layer
52 of the intermediate member 5 includes an extension por-
tion 521 extending in the distal direction beyond the distal end
of'the core portion 51. In addition, this extension portion 521
covers the outer periphery of the proximal portion 21 of the
first wire 2.

[0091] Specifically, the proximal portion 21 ofthe first wire
2 has a smaller diameter portion (reduced diameter portion)
211 at the proximal end region of the first wire 2. The outer
diameter of the smaller diameter portion 211 is smaller than
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the outer diameter of the adjoining larger diameter portion of
the first wire 2, and the extension portion 521 covers the outer
periphery of this small diameter portion 211. In the illustrated
version shown in FIG. 2, the small diameter portion 211 and
the extension portion 521 are dimensioned such that the outer
surface of the extension portion 521 and the outer surface of
the larger diameter portion of the proximal portion of the first
wire 2 adjoining the small diameter portion 211 form a
smooth continuation without any steps. Stated differently, the
thickness of the extension portion 521 is equal to the differ-
ence inradius between the smaller diameter portion 211 of the
first wire 2 and the adjoining larger diameter portion of the
first wire 2. Additionally, the outer diameter of the core por-
tion 51 of the intermediate member 5 is the same as the outer
diameter of the smaller diameter portion 211.

[0092] The outer peripheral surface of the smaller diameter
portion 211 (proximal portion 21) of the first wire 2 and the
inner peripheral surface of the extension portion 521 (outer
layer 52) of the intermediate member 5 are joined to each
other, and the distal end face of the second wire 3 and the
proximal end face of the intermediate member 5 are joined to
each other. In this embodiment, a spot-formed weld portion
19 is formed as a joint portion between the small diameter
portion 211 of'the first wire 2 and the extension portion 521 of
the intermediate member 5.

[0093] The core portion 51 is composed of the second
material. In addition, the outer layer 52 is composed of the
first material or a Ni alloy. Details associated with the Ni alloy
are the same as in the first embodiment (Configuration 3).
[0094] In the case where the outer layer 52 is composed of
the first material, the material constituting the first wire 2 and
the material constituting the outer layer 52 are the same, the
outer peripheral surface of the small diameter portion 211
(proximal portion 21) of the first wire 2 and the inner periph-
eral surface of the extension portion 521 (outer layer 52) are
joined particularly firmly. In addition, since the material con-
stituting the second wire 3 and the material constituting the
core portion 51 are the same, the distal end face of the second
wire 3 and the proximal end face of the core portion 51 are
joined particularly firmly. As a result, the first wire 2 and the
second wire 3 are firmly connected to each other through the
intermediate member 5.

[0095] In the case where the outer layer 52 is composed of
aNi alloy, particularly where a Ni—Ti alloy is used as the first
constituent material, the outer peripheral surface of the small
diameter portion 211 (proximal portion 21) of the first wire 2
and the inner peripheral surface of the extension portion 521
(outer layer 52) are joined particularly firmly. In addition,
since the material constituting the second wire 3 and the
material constituting the core portion 51 are the same, the
distal end face of the second wire 3 and the proximal end face
of the core portion 51 are joined particularly firmly. As a
result, the first wire 2 and the second wire 3 are firmly con-
nected to each other through the intermediate member 5.
[0096] The proximal portion 21 of the first wire 2 is lower
in rigidity than the part of the intermediate member 5 com-
prised of the core portion 51, and the distal end of the second
wire 4 comprised of the small diameter portion 311 is higher
in rigidity than the part of the intermediate member 5 com-
prised of the core portion 51.

[0097] The method for joining the proximal portion 21 of
the first wire 2 and the extension portion 521 as the distal
portion of the intermediate member 5 to each other and the
method for joining the distal portion 31 of the second wire 3
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and the proximal portion of the intermediate member 5 to
each other are not particularly limited, and various methods
can be used. The proximal portion 21 of the first wire 2 and the
extension portion 521 of the intermediate member 5 are pref-
erably joined to each other by welding, whereas the distal
portion of the second wire 3 and the proximal portion of the
intermediate member 5 are preferably joined to each other by
welding, soldering or brazing.

[0098] The method for welding is not particularly limited.
The welding of the proximal portion 21 of the first wire 2 and
the extension portion 521 of the intermediate member 5 to
each other is preferably laser welding. In addition, the weld-
ing of the distal portion 31 of the second wire 3 and the
proximal portion of the intermediate member 5 to each other
is particularly preferably butt resistance welding.

[0099] FIG. 3 illustrates, in longitudinal cross-section, a
third embodiment of the guide wire. The description of this
third embodiment of the guide wire 1 focuses primarily on
differences relative to the first embodiment. Features in the
third embodiment that are the same as those in the embodi-
ments described above are identified by the same reference
numeral, and a detailed description of such features is not
repeated.

[0100] The guide wire 1 in the third embodiment is the
same as that in the first embodiment described above, except
for the configurations of the intermediate member 5 and the
distal portion 31 of the second wire 3.

[0101] AsshowninFIG. 3, in the guide wire 1 according to
the third embodiment, an outer layer 52 of the intermediate
member 5 has an extension portion 522 extended further
toward the proximal side from the distal end ofa core portion
51, and the extension portion 522 is covering the outer periph-
ery of the distal portion 31 of the second wire 3.

[0102] Specifically, the distal portion 31 of the second wire
3 has a smaller diameter portion (reduced diameter portion)
311 whose outer diameter is reduced or contracted, and the
extension portion 522 covers the outer periphery of the small
diameter portion 311. In the illustrated version shown in FIG.
3, the smaller diameter portion 311 and the extension portion
522 are dimensioned such that the outer surface of the exten-
sion portion 522 and the outer surface of the larger diameter
portion of the distal end portion 31 of the second wire 3
adjoining the small diameter portion 211 form a smooth con-
tinuation without any steps. Stated differently, the thickness
of'the extension portion 522 is equal to the diftference in radius
between the smaller diameter portion 311 of the second wire
3 and the adjoining larger diameter portion of the second wire
3. Additionally, the outer diameter of the core portion 51 of
the intermediate member 5 is the same as the outer diameter
of the smaller diameter portion 311.

[0103] The proximal end face of the first wire 2 and the
distal end face of the intermediate member 5 are joined to
each other, while the outer peripheral surface of the small
diameter portion 311 (reduced diameter portion 31) of the
second wire 3 and the inner peripheral surface of the exten-
sion portion 522 (outer layer 52) of the intermediate member
5 are joined to each other. In the configuration shown in the
figure, a spot-formed weld portion 19 is formed as a joint
portion between the small diameter portion 311 of the second
wire 3 and the extension portion 522 of the intermediate
member 5.

[0104] The core portion 51 is composed of the first mate-
rial, while the outer layer 52 is composed of the second
material.



US 2008/0154152 Al

[0105] This helps ensure that the material constituting the
first wire 2 and the material constituting the core portion 51
are the same, so that the proximal end face of the first wire 2
and the distal end face of the core portion 51 are joined
particularly firmly. In addition, since the material constituting
the second wire 3 and the material constituting the outer layer
52 are the same, the outer peripheral surface of the smaller
diameter portion 311 (distal portion 31) of the second wire 3
and the inner peripheral surface of the extension portion 522
(outer layer 52) are joined particularly firmly. As a result, the
first wire 2 and the second wire 3 are firmly connected to each
other through the intermediate member 5.

[0106] The proximal portion 21 of the first wire 2 is lower
in rigidity than the part of the intermediate member 5 com-
prised of the core portion 51, and the part of the second wire
3 having the small diameter portion 311 is higher in rigidity
than the part of the intermediate member 5 comprised of the
core portion 51.

[0107] The method for joining the proximal portion 21 of
the first wire 2 and the distal portion of the intermediate
member 5 to each other, and the method for joining the distal
portion 31 of the second wire 3 and the extension portion 522
as the proximal portion of the intermediate member 5 to each
other are not particularly limited. Various methods can be
used for this purpose, among which joining by welding is
preferred.

[0108] The method of welding is not particularly limited.
The welding of the proximal portion 21 of the first wire 2 and
the distal portion of the intermediate member 5 to each other
is particularly preferably butt resistance welding. In addition,
the welding of the distal portion 31 of the second wire 3 and
the extension portion 522 of the intermediate member 5 to
each other is preferably laser welding.

[0109] FIG. 4 illustrates, in longitudinal cross-section, a
fourth embodiment of the guide wire. The description of this
fourth embodiment of the guide wire 1 focuses primarily on
differences relative to the first embodiment. Features in the
fourth embodiment that are the same as those in the embodi-
ments described above are identified by the same reference
numeral, and a detailed description of such features is not
repeated.

[0110] The guide wire 1 in the fourth embodiment is the
same as that in the first embodiment above, except for the
configuration of the intermediate member 5.

[0111] As shown in FIG. 4, the guide wire 1 according to
the fourth embodiment includes an intermediate member 5
comprised of a core portion 51 and an outer layer 52. The core
portion 51 of the intermediate member 5 is composed of a
distal-side member 511 disposed on the distal side, and a
proximal-side member 512 disposed on the proximal side of
the distal-side member 511. The proximal-side member 512
is composed of a material different from the material of the
distal-side member 511. In addition, a portion of the core
portion 51, i.e., one of the distal-side member 511 and the
proximal-side member 512, is composed of a material differ-
ent from the material of the outer layer 52.

[0112] Intheillustrated embodiment depicted in FIG. 4, the
distal-side member 511 and the proximal-side member 512
are substantially cylindrical (columnar) in shape and possess
the same outer diameter. In addition, the proximal end face of
the distal-side member 511 and the distal end face of the
proximal-side member 512 are in contact with (are facing)
each other.
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[0113] The distal-side member 511 is composed of the first
material, and the proximal-side member 512 is composed of
the second material.

[0114] As aresult, the material constituting the first wire 2
and the material constituting the distal-side member 511 are
the same, so that the proximal end face of the first wire 2 and
the distal end face of the distal-side member 511 are joined
particularly firmly. In addition, since the material constituting
the second wire 3 and the material constituting the proximal-
side member 512 are the same, the distal end face of the
second wire 3 and the proximal end face of the proximal-side
member 512 are joined particularly firmly.

[0115] The outer layer 52 is composed of the first material
or the second material.

[0116] In the case where the outer layer 52 is composed of
the first material, the material constituting the first wire 2 and
the material constituting the outer layer 52 are the same, so
that the proximal end face of the first wire 2 and the distal end
face of the outer layer 52 are joined particularly firmly. In
addition, in the case where the outer layer 52 is composed of
the second material, the material constituting the second wire
3 and the material constituting the outer layer 52 are the same,
so that the distal end face of the second wire 3 and the
proximal end face of'the outer layer 52 are joined particularly
firmly.

[0117] As aresult, the first wire 2 and the second wire 3 are
firmly connected to each other through the intermediate
member 5.

[0118] In the case where the outer layer 52 is composed of
the first material, the proximal portion 21 of the first wire 2 is
lower in rigidity than the part of the intermediate member 5
comprised of the proximal-side member 512, and the distal
portion 31 of the second wire 3 is higher in rigidity than the
part of the intermediate member 5 comprising the proximal-
side member 512.

[0119] In the case where the outer layer 52 is composed of
the second material, the proximal portion 21 of the first wire
2 is lower in rigidity than the part of the intermediate member
5 comprising the distal-side member 511, and the distal por-
tion 31 of the second wire 3 is higher in rigidity than the part
of the intermediate member 5 comprised of the distal-side
member 511.

[0120] According to another embodiment, the guide wire 1
shown in FIG. 4 can be varied by utilizing a different material
to fabricate the outer layer 52 of the intermediate member 5.
[0121] According to this fifth embodiment, the guide wire
construction is the same as shown in FIG. 4, except that the
outer layer 52 of the intermediate member 5 is composed of a
Ni alloy containing Ni as a main constituent (composed
mainly of Ni), i.e., a nickel-based alloy (an alloy in which the
content, by weight, of Ni is the highest of the contents of
elements constituting the alloy), or a Co alloy containing Co
as a main constituent (composed mainly of Co), i.e., a cobalt-
based alloy (an alloy in which the content, by weight, of Co is
the highest of the contents of elements constituting the alloy).
[0122] The nickel-based alloy used to fabricate the outer
layer 52 of the intermediate member 5 is not limited to any
particular nickel-based alloy. By way of example, the nickel-
based alloys described above in the first embodiment (Con-
figuration 3) can be used.

[0123] In addition, the cobalt-based alloy to be used to
fabricate the outer layer 52 is not particularly limited, but
examples of the cobalt-based alloy include Co—Ni—Cr
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alloys, Co—Cr—Ni—Mo alloys, Co—Cr—W—Ni alloys,
Co—Cr—Mo alloys, and Co—Ni—Cr—Mo—W—Fe
alloys.

[0124] Preferable examples of the Co—Ni—Cr alloys
include alloys containing 9 to 37 wt % of Ni, 10 to 30 wt % of
Cr, and the balance of Co, or alloys obtained by replacing part
of these alloys with other elements (substituent elements).
Incidentally, where elements other than Co, Ni and Cr are
contained in the alloy, the total content of them (all the sub-
stituent elements or elements other than Co, Ni and Cr) is
preferably 30 wt % or below. In addition, part of Co, Ni, Cr
may be replaced by other element(s).

[0125] With the outer layer 52 composed of a nickel-based
alloy or a cobalt-based alloy, the proximal end face of the first
wire 2 and the distal end face of the outer layer 52 are joined
especially firmly, particularly in the case where a Ni—Ti
alloy is used as the first constituent material. In addition, the
distal end face of the second wire 3 and the proximal end face
of'the outer layer 52 are joined especially firmly, particularly
in the case where a stainless steel is used as the second
constituent material.

[0126] The proximal end face of the first wire 2 and the
distal end face of the distal-side member 511 are joined par-
ticularly firmly, and the distal end face of the second wire 3
and the proximal end face of the proximal-side member 512
are joined particularly firmly. As a result of these configura-
tions, the first wire 2 and the second wire 3 are firmly con-
nected to each other through the intermediate member 5.
[0127] The method for joining the proximal portion 21 of
the first wire 2 and the distal portion of the intermediate
member 5 to each other, and the method for joining the distal
portion 31 of the second wire 3 and the proximal portion of
the intermediate member 5 to each other are not particularly
limited, and various methods can be used for this purpose.
The proximal portion 21 of the first wire 2 and the distal
portion of the intermediate member 5 are preferably joined by
welding, while the distal portion 31 of the second wire 3 and
the proximal portion of the intermediate member 5 are pref-
erably joined by welding or soldering (brazing).

[0128] FIG. 5 illustrates, in longitudinal cross-section, a
further embodiment of the guide wire. The description of this
sixth embodiment of the guide wire focuses primarily on
differences relative to the fourth embodiment. Features in this
embodiment that are the same as those in the fourth embodi-
ment described above are identified by the same reference
numeral, and a detailed description of such features is not
repeated.

[0129] The guide wire 1 in this sixth embodiment is the
same as that in the fourth embodiment above, except for the
shapes of the distal-side member 511 and the proximal-side
member 512 of the core portion 51 of the intermediate mem-
ber 5.

[0130] AsshowninFIG. 5, in the guide wire 1 according to
the sixth embodiment, the proximal portion 513 of the distal-
side member 511 of the core portion 51 of the intermediate
member 5 has a conical shape (inclusive of substantially
conical shape) or a frustoconical shape (inclusive of substan-
tially frustoconical shape). In the illustrated embodiment, the
proximal portion 513 of the distal-side member 511 of the
core portion 51 of the intermediate member 5 has a conical
shape. The distal portion 514 of the proximal-side member
512 is provided with a recess 515 having a conical shape or a
frustoconical shape corresponding to the shape of the proxi-
mal portion 513 of the distal-side member 511. In the illus-
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trated embodiment, the recess 515 possesses a conical shape.
The proximal portion 513 of the distal-side member 511 is
inserted or positioned in the recess 515 in the proximal-side
member 512.

[0131] This construction helps ensure that, in an interme-
diate portion or region of the intermediate member 5, the
rigidity (flexural rigidity, torsional rigidity) of the wire body
10 (guide wire 1) is gradually reduced along the distal direc-
tion. As a result, kink resistance (resistance against sharp
bonding) is enhanced, and the guide wire 1 possesses excel-
lent steerability.

[0132] The rigidity of the intermediate member 5 is con-
stant irrespective of the direction in which it is bent (irrespec-
tive of the radially outward direction), whereby excellent
steerability can be secured.

[0133] The aspect of the sixth embodiment in which the
proximal portion of a distal-side member is inserted or posi-
tioned in a recess in the distal portion of a proximal-side
member is also applicable to the second, third and fifth
embodiments described above. In applying this aspect to the
second embodiment shown in FIG. 2, the proximal portion 21
(smaller diameter portion 211) of the first wire 2 would be
appropriately configured to be received in a recess in the core
portion 51. Similarly, in applying this aspect of the sixth
embodiment to the third embodiment shown in FIG. 3, the
distal portion 31 (smaller diameter portion 311) of the second
wire 3 would be appropriately configured to include a recess
that receives a similarly configured portion of the core portion
51.

[0134] In each of the embodiments of the guide wire
described above, the outer diameter of the intermediate mem-
ber 5 and the outer diameter of the first wire 2 are the same in
a transition region (first transition region) at which the outer
layer of the intermediate member 5 transitions to the first wire
2. Similarly, in each of the embodiments of the guide wire
described above, the outer diameter of the intermediate mem-
ber 5 and the outer diameter of the second wire 3 are the same
in a transition region (second transition region) at which the
outer layer of the intermediate member 5 transitions to the
second wire 3. Thus, a smooth transition exists between the
first wire and the outer layer of the intermediate member, and
between the second wire and the outer layer of the interme-
diate member so that the outer surface of the guide wire in
these regions presents a smooth outer surface without steps.
[0135] While the guide wire disclosed herein has been
described above based on embodiments shown in the draw-
ings, the guide wire of the present invention is not limited to
the embodiments, and the configuration of component parts
can be replaced by alternatives having the same or equivalent
function. In addition, other components or features may be
added.

[0136] In addition, in the present invention, configuration
adapting two or more configurations (features) of the above-
described embodiments can be applied.

[0137] In addition, the shape and position of the interme-
diate member 5 are not limited to those in the above-described
embodiments. For example, the intermediate member 5 may
be substantially frustoconical in shape. In the case where the
intermediate member 5 is substantially frustoconical in
shape, the intermediate member 5 is, for example, disposed at
the tapered portion where the outer diameter of the wire body
10 is gradually reduced along the distal direction, i.e., at the
gradually reduced outer diameter portion 16, so as to consti-
tute part of the gradually reduced outer diameter portion 16.
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For example, the frustoconical intermediate member 5 may
be located at the gradually reduced outer diameter portion 16.
A taper angle of the frustoconical intermediate member pref-
erably is the same as the angle of the gradually reduced outer
diameter portion 16.

[0138] Also, the coil 4 may be omitted. In that case, a filler
(particles) of a material having a contrast medium property
(the above-mentioned radiopaque material or the like) is dis-
persed in the resin coating layer 8, thereby constituting a
contrast portion.

[0139] Theprinciples, preferred embodiment and other dis-
closed aspects of the guide wire have been described in the
foregoing specification. However, the invention which is
intended to be protected is not to be construed as limited to the
particular embodiment and variations disclosed. Further, the
embodiment described herein is to be regarded as illustrative
rather than restrictive. Variations and changes may be made
by others, and equivalents employed, without departing from
the spirit of the present invention. Accordingly, it is expressly
intended that all such variations, changes and equivalents
which fall within the spirit and scope of the present invention
as defined in the claims, be embraced thereby.

What is claimed is:

1. A guide wire comprising:

a first wire made of a first material;

a second wire made of a second material different from the
first material,

the first wire being positioned at a distal portion of the
guide wire;

the second wire being positioned proximally of the first
wire;

an intermediate member positioned between the first wire
and the second wire;

the intermediate member comprising a core portion and an
outer layer, the outer layer covering an outer periphery
of the core portion;

the core portion being at least in part made of a material
different from material of which the outer layer is made;

at least one of the core portion and the outer layer being
made of the first material or the second material;

the core portion possessing a distal end and a proximal end;

the first wire possessing a proximal portion that is joined to
a distal portion of the intermediate member;

a portion of the first wire located distally of the proximal
portion of the first wire possessing an outer diameter that
decreases in a distal direction;

the second wire possessing a distal portion that is joined to
a proximal portion of the intermediate member;

the outer diameter of the intermediate member and the
outer diameter of the first wire being the same in a first
transition region at which the outer layer of the interme-
diate member transitions to the first wire; and

the outer diameter of the intermediate member and the
outer diameter of the second wire being the same in a
second transition region at which the outer layer of the
intermediate member transitions to the second wire.

2. The guide wire as set forth in claim 1, wherein the
proximal portion of the first wire is lower in rigidity than the
intermediate member, and the distal portion of the second
wire is higher in rigidity than the intermediate member.

3. The guide wire as set forth in claim 1, wherein the core
portion is comprised of a distal-side member disposed on the
distal side and a proximal-side member disposed on the
proximal side of the distal-side member, the proximal-side
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member being formed of a material different from the mate-
rial of which the distal-side member is formed, the proximal-
side member having an outside diameter equal to the outside
diameter of the distal-side member, and the outer layer
extending from a distal end face of the distal-side member of
the core portion to a proximal end face of the proximal-side
member of the core portion.

4. The guide wire as set forth in claim 1, wherein the core
portion possesses a distal end face and a proximal end face,
and the outer layer of the intermediate member comprises an
extension portion extending either distally beyond the distal
end face of the core portion or proximally beyond the proxi-
mal end face of the core portion.

5. A guide wire comprising:

a wire body comprised of a first wire and a second wire;

the first wire being disposed on a distal side of the wire
body and being comprised of a first material;

a second wire disposed on a proximal side of the first wire
and comprised of a second material different from the
first material,

an intermediate member positioned between the first and
second wires, and connecting the first and second wires;

the intermediate member comprising a core portion and an
outer layer covering an outer periphery of the core por-
tion;

the core portion being composed in part or in whole of a
material different from material of which the outer layer
is composed, and at least one of the core portion and the
outer layer being composed of the first material or the
second material;

a proximal portion of the first wire and a distal portion of
the intermediate member being joined to each other; and

adistal portion of the second wire and a proximal portion of
the intermediate member being joined to each other.

6. The guide wire as set forth in claim 5, wherein the first

material is a Ni—Ti alloy.

7. The guide wire as set forth in claim 5, wherein the second
material is a stainless steel.

8. The guide wire as set forth in claim 5, wherein the
proximal portion of the first wire is lower in rigidity than the
intermediate member.

9. The guide wire as set forth in claim 5, wherein the distal
portion of the second wire is higher in rigidity than the inter-
mediate member.

10. The guide wire as set forth in claim 5, wherein the wire
body possesses an outside diameter that is constant along at
least a portion of a longitudinal extent of the wire body
ranging from a proximal portion of the first wire to a distal
portion of the second wire.

11. The guide wire as set forth in claim 5, wherein the core
portion is comprised of either the first material or the second
material, and the outer layer is comprised of the other of the
first material or the second material.

12. The guide wire as set forth in claim 5, wherein the core
portion is comprised of one of Ni alloy and the second mate-
rial, and the outer layer is comprised of the other of the Ni
alloy and the second material.

13. The guide wire as set forth in claim 5, wherein the core
portion is comprised of a distal-side member disposed on the
distal side and a proximal-side member disposed on the
proximal side of the distal-side member, the proximal-side
member being formed of a material different from the mate-
rial of which the distal-side member is formed.
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14. The guide wire as set forth in claim 13, wherein the
distal-side member is comprised of the first material, and the
proximal-side member is composed of the second material.

15. The guide wire as set forth in claim 13, wherein the
outer layer is comprised of the first material or the second
material.

16. The guide wire as set forth in claim 13, wherein the
outer layer is comprised of a Ni alloy or a Co alloy.

17. The guide wire as set forth in claim 13, wherein a
proximal portion of the distal-side member possesses a taper-
ing outer peripheral surface defining a tapering shape that
narrows in a proximal direction, and a distal portion of the
proximal-side member possesses a recess having a shape
corresponding to the tapering shape of the proximal portion
of the distal-side member, the proximal portion of the distal-
side member being positioned in the recess.

18. The guide wire as set forth in claim 5, wherein a
proximal end face of the first wire and a distal end face of the
intermediate member are joined to each other, and a distal end
face of the second wire and a proximal end face of the inter-
mediate member are joined to each other.

19. The guide wire as set forth in claim 5, wherein the outer
layer has an extension portion extending distally beyond a
distal end of the core portion, and the extension portion covers
an outer periphery of the proximal portion of the first wire.
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20. The guide wire as set forth in claim 19, wherein the core
portion is comprised of the second material.

21. The guide wire as set forth in claim 19, wherein the
outer layer is comprised of the first material.

22. The guide wire as set forth in claim 19, wherein the
outer layer is comprised of a Ni alloy.

23. The guide wire as set forth in claim 19, wherein an outer
peripheral surface of the proximal portion of the first wire and
an inner peripheral surface of the outer layer of the interme-
diate member are joined to each other, and a distal end face of
the second wire and a proximal end face of the intermediate
member are joined to each other.

24. The guide wire as set forth in claim 5, wherein the outer
layer has an extension portion extending proximally beyond a
proximal end of the core portion, and the extension portion
covers an outer periphery of the distal portion of the second
wire.

25. The guide wire as set forth in claim 5, wherein a
proximal end face of the first wire and a distal end face of the
intermediate member are joined to each other, and an outer
peripheral surface of a distal portion of the second wire and an
inner peripheral surface of the outer layer of the intermediate
member are joined to each other.
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